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A FLIGHT STUDY OF MANUAL BLIND LANDING PEFFORMANCE 
USING CLOSED CIRCUIT TELEVISION DISPLAYS 
By Bernard R .  Kibort and Fred J. Drinkwater I11 
Ames Research Center 
Moffett Field,  C a l i f .  
A quant i ta t ive evaluation w a s  made of a la rge  number of landings i n  a 
D a t a  were col lected during landings with normal p i l o t  t ransport  a i rplane.  
vision, with r e s t r i c t e d  per ipheral  vis ion,  and with te lev ised  view forward. 
Various lens  f o c a l  lengths were used and camera pos i t ion  w a s  changed between 
nose and t a i l  locat ions.  
and locat ion of touchdown poin t .  
Data were measured i n  t h e  form of ground contact g 
The r e s u l t s  indicated t h a t  with any of t h e  TV displays t h e  landing 
qua l i ty  w a s  i n f e r i o r  t o  t h a t  with e i t h e r  r e s t r i c t e d  per ipheral  v i s ion  or 
normal vis ion;  there  w a s  g rea te r  mean e r r o r  i n  ground contact point,  but 
l i t t l e  difference i n  ground contact g ,  I n  general, however, it w a s  con- 
cluded t h a t ,  with pract ice ,  cons is ten t ly  good landings can be made with t h i s  
a i rplane when forward v is ion  i s  l imited t o  a closed-circui t  TV pic ture  i f  
more use i s  made of other cockpit instrument readings than i s  needed f o r  t h e  
d i r e c t  forward v is ion  landings. 
INTRODUCTION 
The i n a b i l i t y  t o  land i n  a l l  weather conditions c rea tes  one of t h e  most 
serious 1.imitations t o  the  e f f i c i e n t  use of c i v i l  and m i l i t a r y  a i r c r a f t .  
Rapid advances i n  t h e  s t a t e  of t h e  a r t  of au topi lo t  systems have made auto- 
matic landings of a i r c r a f t  possible  i n  an experimental environment; however, 
f o r  normal operation t h e  p i l o t  must be provided with a display which w i l l  
allow him t o  monitor t h e  landing and possibly t o  cont ro l  manually f a i l e d  or 
unsat isfactory modes of automatic operation. The requirements of such a d i s -  
play formed t h e  basis of t h i s  study t o  determine whether a p i l o t  could assume 
f u l l  manual control  over t h e  f i n a l  phase of the  landing i f  he were given a 
contact analog display, such as the  one developed i n  t h e  ANIP program ( r e f .  1). 
Although simulator s tudies  have used projected r e a l  world landing d i s -  
plays ( r e f .  2 )  and some f l i g h t  t e s t s  have used a t e l e v i s i o n  p ic ture  ( r e f .  3) 
f o r  landing guidance, t h e  degree of degradation i n  landing performance i n  
terms of contact g and touchdown point under a c t u a l  f l i g h t  conditions w a s  
s t i l l  unclear.  Therefore, comparative landing t e s t s  were made t o  determine 
the  change i n  p i l o t  performance between v i s u a l  landing and contact analog d i s -  
play landings. A closed-circui t  t e l e v i s i o n  system w a s  i n s t a l l e d  i n  a t r a n s -  
port  a i r c r a f t  t o  provide a simple, r e a l  world display without color, 
peripheral  vis ion,  o r  angular paral lax cues and with g r e a t l y  attenuated t e r -  
r a i n  d e t a i l s .  
magnification r a t i o s )  and TV camera locat ion created a range of display param- 
e t e r s  t o  be invest igated and compared with landings made with both t h e  p i l o t ' s  
normal vis ion and per ipheral  v i s ion  reduced by an aperture  corresponding t o  
the  e f fec t ive  s i z e  of t h e  TV display. I n  addi t ion t o  providing information 
f o r  f l i g h t  display application, the  data  were expected t o  provide required 
information f o r  two-dimensional displays f o r  severa l  all-weather landing simu- 
l a t o r  s tud ies .  
Varying t h e  lens  f o c a l  length (which produced a select ion of 
A f i l m  i s  ava i lab le  as an addendum t o  t h e  repor t .  It indicates  t h e  qual- 
i t y  of t h e  TV, t h e  presentat ion t o  t h e  pi lot ,  and t h e  method of t e s t  operation. 
An R4D (DC-3) a i r c r a f t  w a s  used as t h e  test  vehicle  f o r  t h i s  experiment. 
The two-dimensional displays were produced by t h e  use of a closed c i r c u i t  TV 
system with tur re t - type  TV cameras. One camera i n s t a l l e d  forward of the wind- 
screen (see  f i g .  1) had three  lenses with f o c a l  lengths of 12 m, 25 mm, and 
50 mm. 
photo (10.9') f i e l d s  of view, respectively,  which resu l ted  i n  horizontal  angu- 
l a r  magnifications of 0.34, 0.73, and 1.55 ( see  f i g .  2 ) .  
with a 12 mm lens  w a s  mounted forward of the  t a i l  wheel ( f i g .  3 ) .  
t o r  with a reversed yoke ( t o  correct  the  p i c t u r e  from r ight  t o  l e f t )  w a s  
viewed through a mirror located 10 t o  12 inches from t h e  p i l o t ' s  eye ( f i g .  4) ,  
depending on t h e  pos i t ion  of t h e  p i l o t ' s  head during approach. 
distance of the  p i l o t ' s  eye t o  the  17-inch TV monitor (width of screen 14  i n . )  
w a s  between 46 and 48 inches.  
l7.2.O. 
cardboard. The horizontal  angle subtended by the  display w a s  the  maximum pos- 
s i b l e  because of the  dimensions of the cockpit and avai lable  equipment. I n  
l i g h t  of previous invest igat ions ( r e f s .  4 and 5 ) ,  it w a s  f e l t  t h a t  there  would 
be l i t t l e  j u s t i f i c a t i o n  f o r  t h e  acquis i t ion of specialized equipment t o  
increase t h i s  angle. 
These lenses  produced wide angle (48.4'1, normal (23.2'), and t e l e -  
Another TV camera 
A TV moni- 
The o p t i c a l  
This resu l ted  i n  a v i s u a l  angle of 1 6 . 6 O  t o  
A l l  other outside v i s u a l  cues (per ipheral)  were blanked out by heavy 
The &-inch square aperture  w a s  cut from an aluminum pla te  which replaced 
t h e  mirror.  
which could be seen through t h e  opening - a reduced forward horizontal  monocu- 
l a r  f i e l d  ( f i g .  5 )  ranging from 1 8 . 5 O  t o  21.9'. However, i f  binocular vis ion 
i s  considered, t h e  t o t a l  horizontal  v i sua l  angle subtended by the  4-inch width 
due t o  the  spacing of t h e  eyes var ied between 3 1 : 6 O  and 37.6', while t h e  
angle of binocular v i s i o n  var ied between l5.2O and 18.2O. 
The p i l o t ' s  outside vis ion w a s  again r e s t r i c t e d  t o  only t h a t  
Landing performance w a s  measured with a Fa i rch i ld  F l igh t  Analyzer camera 
and a 16-ITI~ movie camera. 
f l i g h t  analyzer camera i s  shown i n  f igure  6. 
mined by a f l a s h  bulb which w a s  f i r e d  when t h e  oleo s t r u t  was compressed 
1/8 inch. 
v e r t i c a l  accelerat ion a t  ground contact.  This v e r t i c a l  accelerat ion cannot be 
An example of the  type of p ic ture  taken with t h e  
The touchdown point w a s  de te r -  
An accelerometer a t  the  a i r c r a f t  center  of grav i ty  recorded t h e  
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readi ly  transformed i n t o  , v e r t i c a l  speed because of the  cushioning e f f e c t s  by 
both t h e  t i r e s  and oleo s t r u t s .  However, since t h e  qua l i ty  of landings w a s  
compared t o  those with normal v is ion  t h i s  conversion w a s  not f e l t  v i t a l .  
I n  re t rospect ,  a t h i r d  measure of landing qua l i ty  would have been desired 
i n  t h e  form of a horizontal ly  oriented accelerometer f o r  t h e  purpose of meas- 
uring s ide loads at  t h e  time of ground contact.  This measurement would indi-  
ca te  how well  t h e  p i l o t  w a s  able t o :  (1) a l i n e  h i s  a i r c r a f t  with t h e  runway, 
and (2)  cancel h i s  d r i f t  component, 
The touchdown t a r g e t  w a s  a taxiway in te rsec t ion  located 2080 f e e t  from 
The f l i g h t  analyzer and 16-m movie cameras were t h e  runway threshold.  
located a t  a point 1992 f e e t  from t h e  runway threshold and 716 f e e t  t o  t h e  
l e f t  of the  runway center  l i n e .  
touchdown dis tance of 5600 f e e t  from i t s  posi t ion while t h e  16-IITOI camera cov- 
ered a dis tance of S 5 O O  f e e t .  The combination of camera sequence speed, 
f lash-bulb igni t ion,  distance from t h e  runway, and landing speed produced an 
accuracy i n  determining t h e  a i r c r a f t  ground contact point of C l 5  f e e t  a t  the  
touchdown t a r g e t .  
The f l i g h t  analyzer camera covered a possible 
TESTS AND PROCEDURES 
A s e r i e s  of a t  l e a s t  40 landings were programed f o r  each of t h e  six d i s -  
plays (240 t o t a l )  including t h e  normal v i s u a l  landing which w a s  used as t h e  
reference (cont ro l )  display.  
i t y  w a s  g r e a t e r  than 5 miles and t h e  cloud cover w a s  higher than t h e  t r a f f i c  
p a t t e r n  a l t i t u d e  ( a t  l e a s t  1700 f e e t ) .  
during t e s t  f l i g h t s .  The number of landings performed by each p i l o t  i s  tabu- 
l a t e d  i n  t a b l e  I. 
The t e s t  program w a s  flown only when t h e  v i s i b i l -  
Wind conditions var ied between 0 - 15K 
Each f l i g h t  w a s  conducted i n  t h e  following manner: The safe ty  p i l o t  made 
t h e  f i r s t  landing under normal v i s u a l  conditions while t h e  subject p i l o t  
observed the  display.  The subject p i l o t  then made f i v e  landings using the  d i s -  
play being evaluated. The p i l o t s  then exchanged posi t ions and t h e  e n t i r e  pro- 
cedure w a s  repeated f o r  s i x  more landings.  However, when data  were gathered 
f o r  t h e  4-inch aperture,  t h e  p i l o t s  f e l t  SO a t  ease with t h e  display, t h a t  a l l  
f i v e  landings were made by t h e  subject p i l o t  without t h e  need f o r  t h e  usual 
f i r s t  observation pass t o  accustom themselves with t h e  new display.  
The safe ty  p i l o t  f lew t h e  a i r c r a f t  u n t i l  it w a s  a l ined  with t h e  runway on 
a 3' g l i d e  path (using the  v i s u a l  mirror gl ide  path system) 2 t o  3 miles from 
the  runway threshold.  Control w a s  then given t o  t h e  subject p i l o t  who contin- 
ued t h e  landing approach through the  touchdown phase and r o l l o u t .  
A l l  approaches were made a t  90 knots IAS with f l a p s  up. This w a s  neces- 
sary t o  provide t h e  minimum nose down a t t i t u d e  (and consequently, provide the  
m a x i m u m  forward view) when t h e  t a i l  camera w a s  used. 
during t h e  t e s t s  w a s  approximately 25,700 pounds. 
The average gross weight 
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. 
P i l o t s  were ins t ruc ted  t o  attempt t o  land as clbse t o  the  t a r g e t  touch- 
down point  as possible,  but not t o  s a c r i f i c e  smooth contact with the  runway 
f o r  a s m a l l  e r r o r  in touchdown distance.  
Although an 8-inch aperture  (an 8-inch viewing port  similar t o  the  4 inch) 
w a s  a l s o  used i n  t h e  i n i t i a l  s tages  of t h e  study, t h e  p i l o t s  were unanimous i n  
t h e i r  opinion t h a t  t h e  difference between t h e  8-inch opening and normal vis ion 
during f i n a l  approach and landing w a s  negl ig ib le .  
with t h e  8-inch aperture  were discontinued. 
For t h i s  reason, landings 
RESULTS AND DISCUSSION 
Performance Data 
The problem of f inding t h e  f i e l d  and s t a r t i n g  t h e  f i n a l  approach w a s  not 
studied since t h e  e lec t ronic  navigation equipment i n  use today i s  capable of 
s a t i s f a c t o r i l y  posit ioning an a i r c r a f t  on a low angle (approximately 3 0 )  
approach path t o  within 300 f e e t  of the  ground, and s ince azimuth guidance, 
i n  some cases, i s  s a t i s f a c t o r y  t o  ground contact.  Therefore the  t a s k  only 
included t h e  f i n a l  approach and landing, s t a r t i n g  from a point 2 t o  3 miles 
from the  runway. 
P i l o t  performance w a s  based on two c r i t e r i a  - ground contact g and t h e  
distance of the  a c t u a l  ground contact point from t h e  desired touchdown poin t .  
Since these appear t o  be independent var iables ,  any assessment of landing qual- 
i t y  requires t h a t  both c r i t e r i a  be considered. For example, i f  a landing were 
made e s s e n t i a l l y  a t  the  desired contact point, but the  g load w a s  s i g n i f i -  
cantly high, t h e  over-al l  q u a l i t y  would be judged poorer than another landing 
i n  which the  contact point w a s  t h e  same but t h e  g l e v e l  w a s  lower. Perform- 
ance with each display i s  shown i n  t a b l e  I1 and f i g u r e  7.  The mean values 
f o r  touchdown e r r o r  and contact g as well as t h e  values f o r  standam3 devia- 
t i o n  f o r  touchdown e r r o r  and contact g a r e  shown f o r  each display.  These 
were then compared t o  t h e  normal v i s u a l  case.  
4-inch aperture, a l l  of the  values f o r  standard deviat ion of touchdown e r r o r  
were s ign i f icant  within a confidence l e v e l  of 2 percent ("F" t e s t )  .I 
none of the  standard deviation values f o r  touchdown g show s igni f icant  d i f -  
ference t o  a confidence l e v e l  of 10 percent.  Analysis of the  mean touchdown 
e r r o r  ("T" t e s t ) l  indicated a s igni f icant  difference between a l l  the  TV type 
landings and t h e  normal v i s u a l  approach. However, using the  4-inch aperture 
or normal v is ion  made no s igni f icant  difference i n  the  mean touchdown e r r o r .  
With the  exception of t h e  
However, 
The average absolute touchdown e r r o r  i s  j u s t  the  average m i s s  distance 
regardless of s ign.  The number of landings completed with each disp1a.y i s  
a l so  shown. The "go-arounds" were not c l a s s i f i e d  as landings and are  there-  
fore  indicated under a separate column. Only nine go-arounds were required. 
These occurred with e i t h e r  t h e  wide-angle or  normal lens  used on t h e  nose 
camera or  with t h e  wide-angle lens  on t h e  t a i l  camera. The r e s u l t s  shown i n  
Table I1 substant ia te  previous s tudies  ( r e f s .  7 and 8) which indicate  t h a t  
=Reference 6 o r  any standard t e x t  i n  s t a t i s t i c s  - 
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t he re  i s  l i t t l e  difference between t h e  landing performance under normal v i sua l  
conditions and with r e s t r i c t e d  per ipheral  vis ion,  provided t h e  task begins on 
f i n a l  approach. These da ta  f u r t h e r  expand the  conclusions reached i n  r e f e r -  
ence 7 t o  include not only s a t i s f a c t o r y  touchdown er ror ,  but contact g as 
wel l .  It should f u r t h e r  be noted t h a t  t h e  display i n  t h i s  study d i f f e red  from 
t h a t  of reference 7 i n  t h a t  not only w a s  color removed but c l a r i t y  was 
reduced,2 and s t i l l  landing performance was sa t i s f ac to ry .  
i n t e re s t ing  observation i s  t h a t  t he re  i s  no ind ica t ion  of t h e  gradual d e t e r i -  
orat ion of p i l o t  performance due t o  fa t igue  while landing with r e s t r i c t e d  
per ipheral  v i s ion .  This appears t o  be i n  conf l i c t  with t h e  f indings of r e f -  
erence 8. 
made over s i x  landings each on any one f l i g h t .  
f l i g h t s  i n  one day w a s  l imi ted  t o  two. Therefore, it i s  possible  t h a t  t h e  
l e v e l  of p i l o t  f a t igue  r e fe r r ed  t o  i n  reference 8 w a s  never reached. 
An addi t iona l  
However, t h i s  might be explained by t h e  f a c t  t h a t  t he  p i l o t s  never 
Also, t h e  maximum number of 
The general  statement which can be made concerning t a b l e  I1 and f igu re  7 
i s  t h a t  t he  average e r r o r  i n  touchdown point,  when camera i s  i n  t h e  nose posi-  
t i on ,  var ies  d i r e c t l y  with t h e  f o c a l  length of t h e  l e n s .  Both t h e  standard 
deviation and t h e  mean of t h e  touchdown dis tance increase as t h e  f o c a l  length 
of t h e  lens  increases .  However, if  contact g as wel l  as touchdown e r r o r  i s  
included i n  t h e  assessment, one must consider t h a t  t h e  average contact g w a s  
l e s s  with the  te lephoto l ens  than with normal v i s ion .  
produced a lower mean contact g .  It should a l s o  be noted t h a t  t h e  te lephoto 
l ens  display produced t h e  most consis tent  contact g of a l l  t h e  displays eval-  
uated which supports t h e  p i l o t  comments i n  a l a t e r  sect ion regarding prec ise  
height - ra te  cont ro l .  
Only t h e  t a i l  camera 
Figures 8 ( a )  through 8 ( f )  a r e  a p lo t  of touchdown points  f r o m  t he  touch- 
down t a r g e t  i n  the  long (pos i t i ve )  and short  (negat ive)  d i rec t ions  versus con- 
t a c t  g f o r  each d isp lay .  Touchdown points  g rea t e r  or l e s s  than 1600 f e e t  
were p lo t ted  a t  t he  +1600 and -1600 f e e t  points ,  respec t ive ly .  
ac tua l  values for these points  were used i n  t h e  s t a t i s t i c a l  computations. The 
f igures  indicate  a lack of cor re la t ion  between t h e  t w o  var iab les  used as c r i -  
t e r i a  for touchdown qual i ty .  
However, 
The t w o  var iab les  were then p lo t t ed  separately versus consecutive landings 
t o  determine whether t h e  p i l o t s  were learning between displays ( f i g s .  g ( a )  
through 9( d)  ) . I n  general ,  they  d id  no t .  
Figures l O ( a )  through 1 0 ( f )  ind ica te  individual  p i l o t  performance i n  terms 
A general  narrowing of t he  band of po in ts  would ind ica te  a 
of t h e  t w o  c r i t e r i a  f o r  each d isp lay .  The landings a re  p lo t t ed  consecutively 
f o r  each p i l o t .  
s l i g h t  amount of learning between displays f o r  individual  p i l o t s .  The normal 
landings by p i l o t  B, f o r  example ( f i g .  g ( b ) ) ,  apparently ind ica te  a s l i g h t  
learning tendency insofar  as touchdown miss  distance i s  concerned. The lack 
of a r i s e  i n  t h e  contact g during t h i s  time indica tes  t h e r e  w a s  no attempt 
t o  "spike" t h e  a i r c r a f t  on t h e  ground a t  the  des i red  touchdown point,  and 
therefore  a general  increase i n  over -a l l  touchdown q u a l i t y  e x i s t s .  
p i l o t s  demonstrated a r a the r  constant qua l i t y  during t h e i r  normal v i s u a l  
approaches. 
during ac tua l  approaches i s  ava i lab le  f o r  more information. 
A l l  o ther  
2A supplementary 16-EEII movie with port ions recorded from the  TV screen 
The da ta  i n  f i g u r e  10(b)  seem.to ind ica te  a s l i g h t  learning tendency f o r  
a l l  p i l o t s  while using t h e  4-inch aperture .  
ing touchdown miss dis tance while simultaneously lowering o r  holding constant 
t h e  contact g. ( P i l o t  A ' s  contr ibut ion t o  t h i s  s e r i e s  w a s  neg l ig ib l e . )  Three 
"go-arounds" occurred ea r ly  i n  t h e  program. 
attempts by each p i l o t  two out of t he  four  p i l o t s  found it necessary t o  a b o r t  
t h e  landing approach a t  l e a s t  once. The widest standard deviat ion of t h e  
touchdown points ,  as wel l  as t h e  l a rges t  mean m i s s  distance (which w a s  approx- 
imately 2-1/2 times g rea t e r  than t h e  mean miss distance for t h e  normal v i s u a l  
landing),  w a s  recorded when t h e  t a i l  camera w a s  used. However, t he  lowest 
mean contact g during t h e  study w a s  obtained from t h e  da ta  recorded with 
t h i s  display.  
This i s  indicated by t h e  decreas- 
During t h e  f i rs t  th ree  landing 
P i l o t  Comments 
The p i l o t  comments a r e  grouped as follows: (1) approach phase, and (2)  
f l a r e  and touchdown phase. Per t inent  p i l o t  comments a r e  discussed concerning 
a l l  f i v e  displays during both phases. 
Approach ( 2  miles. t-o 1 f4- -&le from- th re sho ld )  . - With a l l  TV displays,  
because of t he  lack of height and height-rate  information,  an attempt w a s  made 
t o  hold power, airspeed, and ra te-of-s ink constant.  This required a cross 
check between t h e  TV display, t h e  al t imeter ,  rate-of-climb, and airspeed 
instruments. 
climb instruments were used i n  addi t ion t o  t h e  b i n c h  aperture,  and only t h e  
airspeed instrument w a s  used while making a normal v i s u a l  approach. 
I n  contrast  t o  t h i s  procedure, only t h e  airspeed and ra te -of -  
Telephoto lens :  Because of i t s  e f f e c t  of increasing t h e  sca le  of t h e  
display, t h e  te lephoto lens  w a s  ra ted  as t h e  most e f f ec t ive  display for run- 
way line-up and prec ise  a t t i t u d e  control .  It makes t h e  apparent point  of run- 
way contact qu i te  obvious and accentuates l a t e r a l  displacement and angular 
r a t e s ,  r e su l t i ng  i n  a t i g h t e r  control  of t h e  a i r c r a f t  pos i t ion  and a t t i t u d e .  
However, t he  te lephoto lens  a l so  increases  the  apparent height above the  ground 
causing an i n i t i a l  tendency t o  f l y  a very f l a t  approach but t h i s  tendency w a s  
a l l ev ia t ed  by learning.  
N o r m a l  and wide angle lens :  These lenses  i n i t i a l l y  caused t h e  p i l o t s  t o  
f l y  a s teeper  approach path.  Because of t he  s m a l l  sca le  f ac to r s ,  l a rge  devia- 
t i ons  occurred i n  both l a t e r a l  pos i t ion  and a t t i t u d e  before they became appar- 
ent  t o  the  p i l o t .  Consequently, l a rge  correct ions were necessary i n  heading 
and these  caused a more o s c i l l a t o r y  f l i g h t  path than any of t he  other t e s t  
d i sp lays .  This w a s  t r u e  when t h e  wide angle lens  w a s  used a t  both t h e  nose 
and t a i l  pos i t ions .  The absence of height and height r a t e  information w a s  
most apparent a t  a l t i t u d e s  above 100 f e e t .  It w a s  f e l t  t h a t  t he re  w a s  l i t t l e  
difference between t h e  wide angle lens  and t h e  normal lens  and t h e  p i l o t  com- 
ments, i n  general, grouped these  two lenses  together .  
T a i l  camera: The t a i l  camera pos i t ion  w a s  only marginally sa t i s f ac to ry  
on g l ide  path because t h e  a t t i t u d e  of t h e  a i r c r a f t  l imi ted  t h e  forward view. 
During t h e  approach on a 30 g l ide  path, t he  horizon w a s  obscured by t h e  fuse-  
lage and wing. 
obscured t h e  runway threshold.  This, however, d id  provide t h e  p i l o t  with an 
e f f ec t ive  airspeed cont ro l  cue. When a combination of sun pos i t ion  and cloud 
cover were such t h a t  t h e  shadow of t h e  a i r c r a f t  could be seen while on f i n a l  
approach, t h e  camera could be used t o  t r ack  an extension of t h e  runway center  
l i n e  qu i t e  e f f ec t ive ly .  
use a reference point  (antenna loop housing) on t h e  forward p a r t  of t h e  fuse-  
lage underside as a "forward s ight ing poin t . "  
possible  t o  de tec t  heading changes of l/2' or l e s s  i n  smooth air.3 
If t h e  airspeed increased above 95 knots, t h e  a t t i t u d e  
Another method of maintaining lateral  pos i t ion  was t o  
This method of t racking made it 
Four-inch aperture:  There w a s  l i t t l e  difference between t h e  a b i l i t y  t o  
cont ro l  t h e  a i r c r a f t  during a normal v i s u a l  approach and while v i s ion  w a s  
r e s t r i c t e d  t o  t h e  4-inch aper ture .  
study t h e  reduced per iphera l  f i e l d  caused t h e  p i l o t s  t o  judge t h e i r  height as 
being g rea t e r  than it ac tua l ly  w a s .  
However, during t h e  i n i t i a l  p a r t  of t h e  
F la re  and touchdown.- Compared t o  t h e  normal v i s u a l  case, landings made 
Between f l a r e  and touchdown, t h e  
with a l l  t h e  TV displays impaired t h e  p i l o t s  a b i l i t y  t o  judge height during 
t h e  i n i t i a l  port ion of t h e  f l a r e  maneuver. 
p i l o t s  f e l t  t h a t  t he re  w a s  l i t t l e  difference between t h e  lenses  a s  far  as 
t h e i r  a b i l i t y  t o  perform t h e  landing t a sk  w a s  concerned. O f  i n t e r e s t  w a s  
p i l o t  D ' s  a b i l i t y  t o  de tec t  an audio cue ( a  change i n  propel le r  noise)  t h e  
in s t an t  before touchdown. 
Telephoto lens :  Because of t h e  r e l a t i v e l y  good rate information (height  
r a t e ,  a t t i t u d e  r a t e ,  e t c . )  provided by t h i s  lens ,  smooth f l a r e s  and touchdowns 
were r ead i ly  achieved. The foreshortening and magnification d i s to r t ed  t h e  
height information; however, t h e  general  consensus w a s  t h a t  t h i s  problem was 
l a rge ly  overcome as t h e  p i l o t s  gained experience with t h e  display.  Addition- 
a l l y ,  cross winds sometimes required a "crab" which w a s  l a rge  enough t o  cause 
t h e  camera t o  "lose s igh t"  of t h e  runway. 
N o r m a l  and wide angle lens :  During the  f l a r e  and touchdown the re  w a s  
very l i t t l e  difference between t h e  p ic ture  obtained with t h e  normal and wide 
angle lenses  and t h a t  obtained with t h e  telephoto lens .  
T a i l  camera: Judging t h e  height and height r a t e  information i s  g r e a t l y  
f a c i l i t a t e d  i f  t h e  shadow of t h e  a i r c r a f t  o r  wheels a re  v i s i b l e  on t h e  ground 
( l e s s  than 10-feet a l t i t u d e ) .  
changes i n  p i t c h  sometimes caused a conf l i c t  between t h e  k ines the t ic  senses 
and t h e  v i s u a l  display.  This can be a t t r i b u t e d  t o  t h e  p i l o t  and camera being 
located a t  opposite s ides  of t h e  a i r c r a f t  center  of g rav i ty  which causes an 
i n i t i a l  d i s p a r i t y  between t h e  d isp lay  motion and p i t c h  cont ro l  motion. There 
w a s  a l s o  a tendency t o  overcontrol while using t h e  t a i l  camera, s ince t h e  sink 
rate, when viewed f r o m t h e  t a i l ,  tends t o  remain constant or increase when "up 
elevator"  i s  appl ied and conversely t o  remain constant o r  decrease when "down 
elevator"  i s  applied.  
However, a t  t h i s  point  i n  t h e  f l i g h t  path, 
3Nine mils (0.82 inch on t h e  p i l o t ' s  monitor) 
Four-inch aperture:  'Flare, f l a r e  height judgment, and cross-wind control  
were approximately t h e  same as with the  f u l l  view windscreen. I n  general, it 
w a s  f e l t  t h a t  t h i s  display provided e s s e n t i a l l y  the  same information as t h e  
normal f u l l  v i s ion  case.  
CONCLUSIONS 
A landing study w a s  performed t o  evaluate p i l o t  performance while landing 
with a closed c i r c u i t  TV system and t o  compare it with h i s  performance while 
landing under normal v i s u a l  conditions. A comparison w a s  a l s o  made with h i s  
performance when landing with r e s t r i c t e d  per ipheral  v i s ion .  It w a s  concluded 
t h a t  : 
1. It i s  possible  t o  perform t h e  landing t a s k  i n  an R4D using a two- 
dimensional display within t h e  limits f o r  touchdown e r r o r  and contact g gen- 
e r a l l y  accepted by p i l o t s  as being safe  f o r  a normal v i s u a l  landing. I n  f a c t ,  
there  w a s  no s igni f icant  difference i n  mean contact g between any of t h e  
displays . 
2 .  The e f f e c t  of scaling and foreshortening, produced by changing t h e  
f o c a l  length of t h e  TV camera lens, appeared t o  be one of the  most important 
f a c t o r s  control l ing t h e  basic  cues used by t h e  p i l o t  during t h e  landing task.  
The longer f o c a l  length lens  enabled t h e  p i l o t  t o  control  t h e  a i r c r a f t  more 
prec ise ly  during approach and roundout due t o  t h e  e f f e c t  of increased "gain" 
( o p t i c a l  magnification) of a i r c r a f t  response, even a t  t h e  expense of a 
decreased angle of view. 
3. P i l o t  comments ind ica te  t h a t  the  elements of t h e  display should 
respond i n  such a manner so as not t o  cause a c o n f l i c t  between t h e  kinesthet ic  
and t h e  normal v i s u a l  senses.  This i s  brought out i n  the  case of t h e  t a i l  cam- 
era, which produced opposite changes i n  the  height indicat ion on the  display 
whenever a i r c r a f t  p i t c h  changes were performed close t o  t h e  ground. 
4. The r e s t r i c t i o n  of per ipheral  v i s ion  t o  t h a t  within t h e  limits of t h e  
4-inch aperture had very l i t t l e  e f f e c t  on performance once t h e  runway w a s  i n  
s igh t  and t h e  approach w a s  i n i t i a t e d .  
5 .  P i l o t  comments indicated t h a t  a contact analog display of t h e  s i z e  
and c l a r i t y  of t h e  type used i n  t h i s  experiment required addi t ional  quant i ta-  
t i v e  information f o r  height and height r a t e  before it would be acceptable f o r  
an all-weather landing instrument. This i s  brought out by the  needs f o r  con- 
tinuous use of t h e  a l t imeter  and rate-of-climb instrument during the  approach 
and f l a r e  phase of t h e  t a s k .  
8 
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6. The data and pilot comments suggest a possible idealized display as 
having an acceptance angle of at least 4 5 O  with height, height rate, and dis- 
placement information superimposed and having a gain similar to that obtained 
with the telephoto lens (1.55 magnification ratio). 
Ames Research Center 
National Aeronautics and Space Administration 
Moffett Field, Calif., Jan. 21, 1964 
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TABLE I.- INDIVIDUAL PILOT PARTICIPATION 
Aborted 
landings  
P i l o t  
43 
Tota l  
landings 
0 
D i sp lay  
42 
- 
D 
0 
43 2 
C 
15 
20 
14 
13 
9 
13 
84 
- 
- 
Normal 
4 inch 
Nose 12 mm 
Nose 25 mm 
Nose 50 mm 
T a i l  12 mm 
10 
13 
0 
20 
10 
10 - 
63 - 
43 
42 
43 
41 
37 
38 
1 
50 I 47 244 Tota l  
TABU 11.- STATISTICAL DATA BY DISPLAY 
Standard 
devi a t  i on 
touchdown 
e r ro r ,  f t  
Average 
touchdown 
e r ro r ,  f t  
Absolute 
touchdown 
e r ro r ,  f t  
Standard 
deviat ion 
contact  g 
Me an 
contact 
g 
Display 
Normal 373 
426 
- 90 
-132 
159 
59 
-126 
270 
0 a159 
.141 
* 175 
.205 
.130 
* 159 
0.339 
.341 
.378 
*396 
.326 
,321 
4 inch aper ture  
Nose 12 mm 479 
652 
395 
518 Nose 25 mm 
i Nose 50 mm 726 37 i 0 542 
607 1 T a i l  12 mm 764 i 
1 
1 
38 3 
A-30081 
Figure 1.- Location of forward TV camera on test a i r c r a f t .  
Angular magnification ( P h )  
Where: Q = Horizontal angle subtended by real 
object a t  camera lens 
P = Horizontal angle subtended by 
object image (appearing on TV 
screen) at viewers eye 
Lens Angle Angular magnification (p/cr) 
12 mm 48.4O 
25 mm 23.2" 
50 mm 10.9 O 
0.34 
0.73 
1.55 
Figure 2.- Schematic illustration of TV magnification ratios. 
A30082 
Figure 3 . -  Location of tail TV camera. 
Nose TV came 
Figure 4.-  Diagram of t e s t  equipment location. 
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seen by both eyes 
-Horizontal angle subtended 
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simultaneously with 
both eyes 
Horizontal angle subtended 
by display at  one eye 
Figure 5 . -  Diagram of visual angles subtended by 4-inch aperture .  
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Figure 7.- Comparative mean values for touchdown error and contact g. 
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Figure 8.- Comparison of contact g with touchdown error. 
1.0 - 
.8 - 
0 t 0 
.2 - 
0 
0 
0 ;$ 0 
0 
0 
0 
0 
0 
I I I I 1 1 1 1 
-1600 -1200 -800 -400 0 400 800 1200 1600 01 
Overshoot Undershoot Touchdown error, f t  
(b) 4-inch aperture landings. 
Figure 8. - Continued. 
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Figure 8. - Concluded. 
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Figure 10.- P i l o t  performance by display. 
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Figure 10. - Continued. 
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Landing number for' th is p i lo t  
( e )  Nose camera (50 mm l e n s ) .  
Figure 10 . -  Continued. 
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Landing number for this pilot 
(f) Tail camera (12 mm l e n s ) .  
Figure 10.- Concluded. 
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